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1.0  INTRODUCTION 

Electromagnetic  tests  were  conducted  to  evaluate  the  perform¬ 
ance  of  the  Ml 0-76-8000  Radome  fitted  with  special  XP  plates  supplied  by  the 
Navy.  The  tests  were  run  during  the  last  two  weeks  of  August,  1981.  The 
type  of  tests,  equipment  employed,  test  setups  and  recorded  data  are  contained 
in  Appendix  A.  Appendix  B  contains  a  list  of  all  chart  recordings  and  a  copy 
of  all  recordings. 

2.0  TRANSMISSION  LOSS 


The  transmission  loss  of  the  radome  was  measured  by  two  methods. 
First,  the  loss  of  the  radome  without  the  XP  plates  was  measured  and  found  to 
be  0.6  dB.  One-half  of  the  radome  was  then  covered  with  the  plates,  the  ra¬ 
dome  rotated  in  azimuth  and  the  additional  loss  in  the  XP  plate  area  recorded. 


The  second  method  consisted  of  establishing  a  reference  level 
without  the  radome  and  then  positioning  the  complete  radome  (all  XP  plates 
installed)  over  the  antenna.  The  radome  was  then  rotated  360°  in  azimuth 


and  the  variability  in 

In  the 

loss  recorded 

first  method. 

Space  Frame 
Alone 

the  following  results 

Additional  Loss  in 
XP  Plate  Area 

were  recorded. 

Total  Loss 

Low  Band 

0.6  dB 

0.3  to  0.6  dB 

0.9  to  1.2  dB 

Mid  Band 

0.6  dB 

0  to  0.55  dB 

0.6  to  1.15  dB 

High  Band 

0.6  dB 

0.3  to  0.9  dB 

0.9  to  1 .5  dB 

The  results  are  recorded  on  patterns  numbered  69,  70  and  71. 

In  the  second  method,  the  recorded  loss  was: 

Transmission  Loss  Variability 


Low  Band 
Mid  Band 
High  Band 


1.1  dB  ±0.25  dB 

1.2  dB  ±0.35  dB 

1.5  dB  ±0.35  dB 


Recorded  data  is  shown  on  patterns  16,  17,  18  and  19  for  low  band;  on  pat¬ 
terns  38,  39,40  and  41  for  mid  band;  and  on  patterns  60,  61,  62  and  63  for 
high  band. 


Due  to  the  variability  in  loss  as  a  function  of  radome  azimuth 
rotation,  the  maximum  loss  recorded  is  dependent  upon  the  radome/antenna  look 
angle.  As  this  angle  was  not  noted  during  the  measurements,  the  results  of 
the  tests  using  the  first  method  are  probably  more  representative  of  the 
actual  loss  through  the  radome. 
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The  transmission  ioss  was  somewhat  higher  than  predicted  in 
the  design  analysis.  The  thickness  and  variation  in  thickness  of  the  XP 
plates  should  be  measured.  Electrical  tests  should  also  be  conducted  to 
determine  if  the  loss  of  the  plates  is  indeed  a  contributing  factor  in  the 
higher  loss  values  measured. 

3.0  SI DELOBE  PERTURBATION 


With  the  antenna  enclosed  by  the  radome,  12  different  antenna/ 
radome  orientations  were  measured  at  each  of  the  three  test  frequencies.  The 
antenna  was  measured  without  the  radome  and  the  change  in  sidelobe  levels 
noted.  On  the  data  sheets  (Appendix  B),  an  increase  in  sidelobe  level  is  pre¬ 
fixed  by  a  (+)  and  a  decrease  in  sidelobe  level  prefixed  by  a  (-).  Each 
antenna  pattern  was  measured  with  a  recorder  chart  speed  of  90  degrees  and 
18  degrees  per  chart  cycle.  In  addition,  an  antenna  pattern  was  measured  at 
each  test  frequency  (with  and  without  radome)  using  a  chart  speed  of  360 
degrees  per  chart  cycle  to  investigate  far  out  sidelobes.  All  levels  were 
below  -38  dB  except  for  some  extraneous  signal  levels  which  were  present 
with  and  without  radome  and  were  marked  with  an  (x)  on  the  recorded  data. 

At  the  start  of  the  measurement  program,  XP  plates  were  in¬ 
stalled  in  one-half  of  the  radome.  Antenna  patterns  were  recorded  at  mid 
band  for  the  section  of  the  radome  with  the  plates  and  also  for  the  section 
of  the  radome  without  the  plates.  This  data  is  shown  in  patterns  numbered 
67  and  68. 


4.0  BEAM  WIDTH  CHANGE 


The  change  in  the  3  dB  beam  width  due  to  the  presence  of  the 
radome  was  determined  by  noting  the  change  on  the  expanded  (18  degrees  per 
chart  cycle)  antenna  patterns.  The  data  is  summarized  on  a  Data  Sheet 
(Figure  4).  At  low  band,  an  average  increase  in  beam  width  of  about  9 % 
was  noted.  At  mid  band,  the  increase  in  beam  width  was  3%-,  and  at  high 
band,  the  increase  was  about  6%. 

5.0  ANTENNA  BEAM  SYMMETRY 

The  change  in  main  beam  symmetry  or  beam  skew  due  to  the 
presence  of  the  radome  was  measured  in  the  following  manner.  First,  the 
expanded  (no  radome)  antenna  main  beam  pattern  was  bisected  at  a  level  of 
-3  dB  from  peak  gain.  The  main  beam  was  then  bisected  at  the  -16  dB  level 
and  the  change  in  angle  was  noted  as  beam  skew.  The  no  radome  antenna 
pattern  beam  skew  was  compared  to  the  recorded  antenna  skew  of  all  pat¬ 
terns  measured  when  enclosed  by  the  radome.  All  of  the  data  was  tabulated 
in  the  data  sheet  for  Beam  Symmetry  (Figure  5). 

6.0  BORESIGHT  ERROR 


Boresight  error  measuremente  were  made  by  calibrating  the 
error  slope  of  a  monopulse  feed  in  0.1  milliradian  increments  and  then 
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rotating  the  radome  for  360  degrees.  Measurements  were  made  at  -20  degrees, 

0  degrees  and  +20  degrees  elevation  angles  of  the  radome.  The  data  is  tabu¬ 
lated  in  the  data  sheet  for  boresight  measurements  (Figure  7). 

Generally,  the  loss  variation  through  the  radome  is  small  and 
its  effect  on  the  boresight  error  measurement  negligible.  However,  for  vari¬ 
ations  of  about  0.5  dB,  approximately  0.1  milliradian  can  be  attributed  to 
the  loss  variation  and  can  be  subtracted  from  the  peak  boresight  error  re¬ 
corded. 
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1.0  INTRODUCTION 

Electromagnetic  tests  will  be  conducted  to  evaluate  the  elec¬ 
tromagnetic  performance  of  the  M10-76-8000  Radome  with  XP  Plates. 

The  radome  mounting  fixture  will  allow  the  radome  to  be  rotated  continuously 
in  azimuth  and  will  also  allow  the  radome  to  be  incremently  positioned  through 
a  range  of  approximately  ±25  degrees  in  elevation.  The  following  tests  will 
be  performed  at  ESSCO's  Electromagnetic  Test  Facility  in  Concord,  Massachu¬ 
setts. 

2.0  TRANSMISSION  LOSS 

2.1  Objective 

The  purpose  of  this  test  is  to  measure  the  one-way  trans¬ 
mission  loss  through  the  radome  at  various  radome/antenna  look  angles. 

2.2  Conditions 

2.2.1  All  tests  will  be  performed  at  prevailing  atmospheric  condi¬ 
tions  at  the  ESSCO  Test  Facility  in  Concord,  Massachusetts. 

2.2.2  The  equipment  will  be  set  up  as  shown  in  Figure  1  and  allowed 
to  warm  up  for  30  minutes. 

2.3  Test  Equipment  List 

2.3.1  The  following  test  equipment  or  equivalent  will  be  used  for 
the  transmission  loss  measurements. 

2. 3. 1.1  Transmitting  Antenna,  DICO  Model  18",  X-Band,  L.P.  Feed 

2. 3. 1.2  Precision  Attenuator,  H.P.  No.  X382A 

2. 3. 1.3  Signal  Source,  Alfred  No.  650,  X-Band 

2. 3. 1.4  Gain  Standard,  DICO  No.  14-849 

2. 3. 1.5  Frequency  Meter,  H.P.  No.  X532B 

2. 3. 1.6  Attenuator,  PRD  No.  195B 

2. 3. 1.7  Crystal  Mixer,  S.A.  No.  14-4 

2. 3. 1.8  Receiver,  S.A.  No.  1770 

2. 3. 1.9  Recorder,  S.A.  No.  1580 

2.3.1.10  Positioner  Control,  S.A.  No.  PC4 

2.3.1.11  Azimuth  Positioner,  S.A.  No.  PA44C 

2.3.1.12  Positioner  Control  B.G.  No.  RP1R 

2.3.1.13  Radome  Positioner,  ESSCO  No.  T1866 

2.3.1.14  Ratiometer,  S.A.  No.  1833A-20 

2.3.1.15  Test  Antenna,  Lockheed  No.  7-8A-1000 
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2.4  Test  Description 

2.4.1  The  transmitting  antenna  and  test  antenna  will  be  aligned 
for  maximum  signal. 

2.4.2  Calibration  marks  will  be  made  on  the  pattern  recorder 
paper  at  0.5,  1.0,  1.5  and  2.0  dB  using  the  precision  attenuator. 

2.4.3  The  recorder  chart  speed  will  be  set  to  360°  per  chart  cycle. 

2.5  Measurements 

2.5.1  The  radome  will  be  positioned  over  the  test  antenna  at  three 
elevation  angles,  -20°,  0°  and  +  20°.  At  each  position,  continuous  transmis¬ 
sion  loss  measurements  (360°  in  azimuth)  will  be  recorded  on  the  antenna 
pattern  recorder. 

2.5.2  Three  frequencies  will  be  used  at  each  elevation  angle 
designated  at  "low".  Mid"  and  "high." 

2.6  Data  Sheet 

2.6.1  The  recorded  transmission  loss  data  will  be  summarized  and 

presented  on  a  data  sheet  as  shown  in  Figure  2. 


3.0  5IDEL0BE  PERTURBATION 

3.1  Objective 

The  purpose  of  this  test  is  to  measure  the  change  in  antenna 
sidelobes  due  to  the  presence  of  the  radome. 


3.2 


Conditions 


3.2.1  All  tests  will  be  performed  at  prevailing  atmospheric  condi¬ 

tions  at  the  ESSC0  Test  Facility  in  Concord,  Massachusetts. 


3.2.2  The  equipment  will  be  set  up  as  shown  in  Figure  1  -  Trans¬ 

mission  Loss  Measurements  and  allowed  to  warm  up  for  30  minutes. 


3.3  Test  Equipment  List 

3.3.1  The  test  equipment  for  the  sidelobe  measurements  will  be 

identical  to  that  used  for  the  transmission  loss  measurements,  paragraph  2.3. 


3.4  Test  Description 

3.4.1  The  transmitting  antenna  and  test  antenna  will  be  aligned  for 

maximum  signal.  A  reference  antenna  pattern  will  be  recorded  without  the 
radome. 
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3.4.2  Calibration  marks  will  be  made  on  the  antenna  pattern  re¬ 
corder  paper  at  3.0,  10.0,  20.0,  and  30.0  dB  using  the  precision  attenuator. 

3.4.3  The  recorder  chart  speed  will  be  set  to  90°  and  18°  per  chart 
cycle. 

3.5  Measurements 

3.5.1  The  radome  will  be  positioned  over  the  test  antenna  at  3 
elevation  angles  as  listed  in  paragraph  2.5.1.  At  each  elevation  angle, 
the  radome  will  be  rotated  in  azimuth  to  four  discrete  positions  separated 
by  90°  and  the  antenna  pattern  recorded. 

3.5.2  Three  frequencies  will  be  used  at  each  radome/antenna  orienta¬ 
tion  designated  as  "low",  "mid"  and  "high." 


3.6  Data  Sheet 

3.6.1  The  recorded  sidelobe  measurements  will  be  summarized  and 

presented  on  a  data  sheet  as  shown  in  Figure  3. 


4.0  BEAM  WIDTH  CHANGE 

4.1  Objective 

The  purpose  of  this  test  is  to  measure  the  change  in  beam 
width  of  the  test  antenna  due  to  the  presence  of  the  radome. 

4.2  Conditions 

4.2.1  All  tests  will  be  performed  at  prevailing  atmospheric  condi¬ 

tions  at  the  ESSC0  Test  Facility  in  Concord,  Massachusetts. 

4.2.2  The  equipment  will  be  set  up  as  shown  in  Figure  1  -  Trans¬ 
mission  Loss  Measurement  and  allowed  to  warm  up  for  30  minutes. 


Test  Equipment  List 


4.3.1  The  test  equipment  for  the  beam  width  measurements  will  be 

identical  to  that  used  for  the  transmission  loss  measurements,  paragraph 
2.3. 


4.4  Test  Description 

4.4.1  The  transmitting  antenna  and  test  antenna  will  be  aligned  for 

maximum  signal. 


4-4.2  Calibration  marks  will  be  made  on  the  antenna  pattern  recorder 

paper  at  3.0,  10.0,  20.0  and  30.0  dB. 
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4.4.3  The  recorder  chart  speed  will  be  set  to  18°  per  chart  cycle. 

4.5  Measurements 

4.5.1  The  radome  will  be  positioned  over  the  test  antenna  at  3 
elevation  angles  as  listed  in  paragraph  2.5.1.  At  each  elevation  angle, 
the  radome  will  be  rotated  in  azimuth  to  four  discrete  positions  separated 
by  90°  and  the  antenna  pattern  recorded. 

4.5.2  Three  frequencies  will  be  used  at  each  radome/antenna  orienta¬ 
tion  designated  as  "low",  "mid"  and  "high." 

4.6  Data  Sheet 

4.6.1  The  recorded  sidelobe  measurements  will  be  summarized  and 

presented  on  a  data  sheet  as  shown  in  Figure  4. 


5.0  ANTENNA  BEAM  SYMMETRY 

5.1  Objective 

The  purpose  of  this  test  is  to  measure  the  change  in  antenna 

main  beam  symmetry  due  to  the  presence  of  the  radome. 

5.2  Conditions 

5.2.1  All  tests  will  be  performed  at  prevailing  atmospheric  condi¬ 

tions  at  the  ESSCO  Test  Facility  in  Concord,  Massachusetts. 

5.2.2  The  equipment  will  be  set  up  as  shown  in  Figure  1  -  Trans¬ 
mission  Loss  Measurement  and  allowed  to  warm  up  for  30  minutes. 


Test  Equipment  List 


5.3.1  The  test  equipment  for  the  beam  width  measurements  will  be 
identical  to  that  used  for  the  transmission  loss  measurements,  paragraph 
2.3. 


5.4  Test  Description 

5.4.1  The  transmitting  antenna  and  test  antenna  will  be  aligned  for 
maximum  signal. 

5.4.2  Calibration  marks  will  be  made  on  the  antenna  pattern  recorder 
paper  at  3.0,  10.0,  20.0  and  30.0  dB. 

The  recorder  chart  speed  will  be  set  to  18°  per  chart  cycle. 
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5.5  Measurements 

5.5.1  The  radome  will  be  positioned  over  the  test  antenna  at  3 
elevation  angles  as  listed  in  paragraph  2.5.1.  At  each  elevation  angle, 
the  radome  will  be  rotated  in  azimuth  to  four  discrete  positions  separated 
by  90°  and  the  antenna  pattern  recorded. 

5.5.2  Three  frequencies  will  be  used  at  each  radome/antenna  orienta¬ 
tion  designated  as  "low",  "mid"  and  "high." 

5.6  Data  Sheet 

5.6.1  The  recorded  si  delobe  measurements  will  be  summarized  and 

presented  on  a  data  sheet  as  shown  in  Figure  5. 

6.0  BORES I6HT  ERROR 

6.1  Objective 

The  purpose  of  this  test  is  to  measure  the  antenna  boresight 
error  due  to  the  presence  of  the  radome. 

6.2  Condition 

6.2.1  All  tests  will  be  performed  at  prevailing  atmospheric  condi¬ 

tions  at  the  ESSCO  Test  Facility  in  Concord,  Massachusetts. 

6.2.2  The  equipment  will  be  set  up  as  shown  in  Figure  6  and  allowed 
to  warm  up  for  30  minutes. 

6.3  Test  Equipment  List 

6.3.1  The  following  test  equipment,  or  equivalent,  will  be  used  for 

the  boresight  error  measurements. 


6. 3. 1.1 

6. 3. 1.2 

6. 3. 1.3 

6. 3. 1.4 

6. 3. 1.5 

6. 3. 1.6 

6. 3. 1.7 

6. 3. 1.8 

6. 3. 1.9 


Transmitting  antenna,  DICO  Model  18",  X-Band,  L.P.  Feed 

Precision  Attenuator,  H.P.  No.  X382A 

Signal  Source,  Alfred  No.  650,  X-Band 

Gain  Standard  Horn,  DICO  No.  14-849 

Frequency  Meter,  H.P.  No.  X532B 

Attenuator,  PRD  No.  195B 

Crystal  Mixer,  SA  No.  14-4 

Receiver,  SA  No.  1770 

Boresight  Recorder,  SA  No.  BSR 
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6.3.1.10  Positioner  Control,  ESSCO  No.  ATR10 

6.3.1.11  Boresight  Positioner,  ESSCO  No.  10710 

6.3.1.12  Ratiometer,  SA  No.  1833A-20 

6.3.1.13  Test  Antenna,  Lockheed  No.  7-8A-1000 

6.4  Test  Description 

6.4.1  The  transmitting  antenna  and  test  antenna  will  be  aligned 
for  maximum  signal  with  the  antenna  covered  by  the  radome. 

6.4.2  The  test  antenna  will  then  be  moved  in  azimuth  with  the  pre¬ 
cision  positioner,  and  the  error  slope  of  the  main  beam  calibrated  in  1 -mi 1  - 
li radian  steps  of  angular  movement. 

6.4.3  The  position  of  the  antenna  will  be  adjusted  so  that  a  0.1 
milliradian  displacement  is  easily  discernible. 

6.4.4  The  recorder  chart  speed  will  be  set  to  360°  per  chart  cycle. 

6.5  Measurements 

6.5.1  The  radome  will  be  positioned  over  the  test  antenna  at  3 

elevation  angles,  -20°,  0°,  and  +20°.  At  each  position,  continuous  bore- 
sight  error  measurements  (360°  in  azimuth)  will  be  recorded  on  the  bore- 
sight  recorder. 


6.5.2  Three  frequencies  will  be  used  at  each  elevation  angle 

designated  as  "low,"  "mid"  and  "high." 

6.6  Data  Sheet 

6.6.1  The  recorded  boresight  error  measurements  will  be  summarized 

and  presented  on  a  data  sheet  as  shown  in  Figure  7. 
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FIGURE  1  -  EQUIPMENT  USED  FOR  TRANSMISSION  LOSS  MEASUREMENT 
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Procedure  No . 
T ltle : 
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Serial  No . 

T est  Engi neer 


.  - _ 

Transmission  Loss  _  _  .  - 

Ml 0- 76-8000  _Ra doing— wjtTi_XP  Plates  _  —  - 

1886-001  __  Job  No.  1886 - 

ft  r  Date ’  2-S  s/c'G*  / 


TEST  RESULTS 


Frequency  -  Low  Sand 


Elevation  Angle 

Transmission  LossindB 

Specification  Limit, 

-20° 

/,/e  ±  e.3e  c 

__N/A _  . 

0° 

/ .  /  c  i  e  ■  -»*>’ cL  3" 

.  N/A _ | 

i  +20° 

/,  /  c  st  o  ■ 

N/A 

F r equ ency  -  Mid  Band 


Elevation  Angle 

(Transmission  Loss  in  dB  i 

Spec i f icat ion  Limit 

1  ,-2.Q°  . 

1 

4 

/,  J2o  3-  0.3!f oLf 

.N/A. 

[  0° 

i 

i 

/.JL-C  £ 
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